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MEMORY DUMP OPTIMIZATION IN A
SYSTEM

FIELD OF THE INVENTION

The present invention relates generally to the field of
memory dumps, and more particularly to memory dump size
reduction.

BACKGROUND OF THE INVENTION

A thread of execution, kernel thread, or simply “thread,” is
a sequence of programmed instructions, or functions, man-
aged independently by an operating system scheduler. In
most cases, a thread is contained inside a process. Multiple
threads can exist within the same process and share resources
including: (i) instruction code; (ii) variable values at any
given moment (context); (iii) process state; (iv) memory; and
(v) address space.

Each thread has a reserved region of memory referred to as
its stack. The stack is made of current stackframes. See Defi-
nitions section of the Detailed Description for the definitions
of“stack” and “current stackframes.” Each stackframe relates
to a function executed by the tread and usually contains a
header (with a pointer to the previous stackframe), the vari-
ables allocated by the function and also a copy of the register
values (like the program counter) from the time when the
function was called. Initially the stack does not contain cur-
rent stackframes and its content is old data, or non-current
stack portions (also sometimes called “garbage”). See Defi-
nitions sub-section of the Detail Description section for the
definition of current stackframes. However, as the thread
executes, its stack begins to fill with current stackframes. The
number of current stackframes in the stack grows and
decreases during the execution depending on the number of
functions in the call graph (also called call-chain).

When a function is called, the calling function may create
a new stackframe and store some registers there defined by
the application binary interface (ABI). The called function
may grow the stackframe that the caller created to include
some temporary variables (with a lifescope equal to or less
than the execution time of the function) of the function and
preserve additional registers as defined by the ABI. When the
function exits, the function restores the original register val-
ues from the stack, including the program counter that con-
tains an address within the caller function. On return, the
caller function deletes the stackframe, but usually, for the
sake of performance, the memory is not clean and just the end
of stack pointer is updated. If a region of memory lies on the
thread’s stack, that memory is said to have been allocated on
the stack.

Memory dumps are useful in debugging software prob-
lems. Typical dump size is growing quickly, because, among
other reasons, the number of threads used in a typical program
is growing, making it difficult to store and/or transmit the data
of the memory dump (the data of a memory dump is also
commonly referred to as a “memory dump” or “dump”). It is
known to split memory dumps into regions and truncate the
dumps to be limited to only the important regions. It is also
known to apply data compression techniques to the memory
dump, thus reducing the dump size. A memory dump may
include: (i) all of the stacks; (ii) none of the stacks; and/or (iii)
selected whole stacks (such as the whole stack of the crashing
thread).

SUMMARY

Embodiments of the present invention disclose a method,
computer program, and system having a process that
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includes: (i) receiving a memory dump data including a set of
stack(s), including at least a first stack which includes a
current stack portion; and (ii) removing from the memory
dump data a first removed data portion that comes from a
portion of the first stack to yield an optimized memory dump
data.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is a schematic view of a first embodiment of a
computer system (that is, a system including one or more
processing devices) according to the present invention;

FIG. 2 is a schematic view of a computer sub-system (that
is, a part of the computer system that itself includes a pro-
cessing device) portion of the first embodiment computer
system,

FIG. 3 is a flowchart showing a process performed, at least
in part, by the first embodiment computer system;

FIG. 4 is a schematic view of a portion of the first embodi-
ment computer system; and

FIG. 5 is a block diagram of stacks of the type processed by
various embodiments of the present disclosure.

DETAILED DESCRIPTION

This DETAILED DESCRIPTION section will be divided
into the following sub-sections: (i) The Hardware and Soft-
ware Environment; (ii) Operation of Embodiment(s) of the
Present Invention; (iii) Further Comments and/or Embodi-
ments; and (iv) Definitions.

1. The Hardware and Software Environment

As will be appreciated by one skilled in the art, aspects of
the present invention may be embodied as a system, method
or computer program product. Accordingly, aspects of the
present invention may take the form of an entirely hardware
embodiment, an entirely software embodiment (including
firmware, resident software, micro-code, etc.) or an embodi-
ment combining software and hardware aspects that may all
generally be referred to herein as a “circuit,” “module” or
“system.” Furthermore, aspects of the present invention may
take the form of a computer program product embodied in one
or more computer-readable medium(s) having computer
readable program code/instructions embodied thereon.

Any combination of computer-readable media may be uti-
lized. Computer-readable media may be a computer-readable
signal medium or a computer-readable storage medium. A
computer-readable storage medium may be, for example, but
not limited to, an electronic, magnetic, optical, electromag-
netic, infrared, or semiconductor system, apparatus, or
device, or any suitable combination of the foregoing. More
specific examples (a non-exhaustive list) of a computer-read-
able storage medium would include the following: an electri-
cal connection having one or more wires, a portable computer
diskette, a hard disk, a random access memory (RAM), a
read-only memory (ROM), an erasable programmable read-
only memory (EPROM or Flash memory), an optical fiber, a
portable compact disc read-only memory (CD-ROM), an
optical storage device, a magnetic storage device, or any
suitable combination of the foregoing. In the context of this
document, a computer-readable storage medium may be any
tangible medium that can contain, or store a program for use
by or in connection with an instruction execution system,
apparatus, or device.
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A computer-readable signal medium may include a propa-
gated data signal with computer-readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-mag-
netic, optical, or any suitable combination thereof. A com-
puter-readable signal medium may be any computer-readable
medium that is not a computer-readable storage medium and
that can communicate, propagate, or transport a program for
use by or in connection with an instruction execution system,
apparatus, or device.

Program code embodied on a computer-readable medium
may be transmitted using any appropriate medium, including
but not limited to wireless, wireline, optical fiber cable, RF,
etc., or any suitable combination of the foregoing.

Computer program code for carrying out operations for
aspects of the present invention may be written in any com-
bination of one or more programming languages, including
an object oriented programming language such as Java (note:
the term(s) “Java” may be subject to trademark rights in
various jurisdictions throughout the world and are used here
only in reference to the products or services properly denomi-
nated by the marks to the extent that such trademark rights
may exist), Smalltalk, C++ or the like and conventional pro-
cedural programming languages, such as the “C” program-
ming language or similar programming languages. The pro-
gram code may execute entirely on a user’s computer, partly
on the user’s computer, as a stand-alone software package,
partly on the user’s computer and partly on a remote computer
or entirely on the remote computer or server. In the latter
scenario, the remote computer may be connected to the user’s
computer through any type of network, including a local area
network (LAN) or a wide area network (WAN), or the con-
nection may be made to an external computer (for example,
through the Internet using an Internet Service Provider).

Aspects of the present invention are described below with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations and/
or block diagrams, and combinations of blocks in the flow-
chart illustrations and/or block diagrams, can be imple-
mented by computer program instructions. These computer
program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or other
programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data pro-
cessing apparatus, create means for implementing the func-
tions/acts specified in the flowchart and/or block diagram
block or blocks.

These computer program instructions may also be stored in
a computer-readable medium that can direct a computer,
other programmable data processing apparatus, or other
devices to function in a particular manner, such that the
instructions stored in the computer-readable medium produce
an article of manufacture including instructions which imple-
ment the function/act specified in the flowchart and/or block
diagram block or blocks.

The computer program instructions may also be loaded
onto a computer, other programmable data processing appa-
ratus, or other devices to cause a series of operational steps to
be performed on the computer, other programmable appara-
tus or other devices to produce a computer-implemented pro-
cess such that the instructions which execute on the computer
or other programmable apparatus provide processes for
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implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks.

An embodiment of a possible hardware and software envi-
ronment for software and/or methods according to the present
invention will now be described in detail with reference to the
Figures. FIGS. 1 and 2 collectively make up a functional
block diagram illustrating various portions of distributed data
processing system 100, including: server computer sub-sys-
tem (that is, a portion of the larger computer system that itself
includes a computer) 102; client computer sub-systems 104,
106,108,110, 112; communication network 114; server com-
puter 200; communication unit 202; processor set 204; input/
output (i/0) unit 206; memory device 208; persistent storage
device 210; display device 212; external device set 214; ran-
dom access memory (RAM) devices 230; cache memory
device 232; and program 240.

As shown in FIG. 2, server computer sub-system 102 is, in
many respects, representative of the various computer sub-
system(s) in the present invention. Accordingly, several por-
tions of computer sub-system 102 will now be discussed in
the following paragraphs.

Server computer sub-system 102 may be a laptop com-
puter, tablet computer, netbook computer, personal computer
(PC), a desktop computer, a personal digital assistant (PDA),
a smart phone, or any programmable electronic device
capable of communicating with the client sub-systems via
network 114. Program 240 is a representative piece of soft-
ware, and is a collection of machine readable instructions and
data that is used to create, manage and control certain soft-
ware functions that will be discussed in detail, below, in the
Operation of the Embodiment(s) sub-section of this Detailed
Description section.

Server computer sub-system 102 is capable of communi-
cating with other computer sub-systems via network 114 (see
FIG. 1). Network 114 can be, for example, a local area net-
work (LAN), a wide area network (WAN) such as the Inter-
net, or a combination of the two, and can include wired,
wireless, or fiber optic connections. In general, network 114
can be any combination of connections and protocols that will
support communications between server and client sub-sys-
tems.

It should be appreciated that FIGS. 1 and 2, taken together,
provide only an illustration of one implementation (that is,
system 100) and does not imply any limitations with regard to
the environments in which different embodiments may be
implemented. Many modifications to the depicted environ-
ment may be made, especially with respect to current and
anticipated future advances in cloud computing, distributed
computing, smaller computing devices, network communi-
cations and the like.

As shown in FIG. 2, server computer sub-system 102 is
shown as a block diagram with many double arrows. These
double arrows (no separate reference numerals) represent a
communications fabric, which provides communications
between various components of sub-system 102. This com-
munications fabric can be implemented with any architecture
designed for passing data and/or control information between
processors (such as microprocessors, communications and
network processors, etc.), system memory, peripheral
devices, and any other hardware components within a system.
For example, the communications fabric can be implemented,
at least in part, with one or more buses.

Memory 208 and persistent storage 210 are computer-
readable storage media. In general, memory 208 can include
any suitable volatile or non-volatile computer-readable stor-
age media. It is further noted that, now and/or in the near
future: (i) external device(s) 214 may be able to supply, some
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or all, memory for sub-system 102; and/or (ii) devices exter-
nal to sub-system 102 may be able to provide memory for
sub-system 102.

Program 240 is in many respects representative of the
various software modules of the present invention and is
stored in persistent storage 210 for access and/or execution by
one or more of the respective computer processors 204, usu-
ally through one or more memories of memory 208. Persis-
tent storage 210: (i) is at least more persistent than a signal in
transit; (ii) stores the device on a tangible medium (such as
magnetic or optical domains); and (iii) is substantially less
persistent than permanent storage. Alternatively, data storage
may be more persistent and/or permanent than the type of
storage provided by persistent storage 210.

Program 240 may include both machine readable and per-
formable instructions and/or substantive data (that is, the type
of data stored in a database). In this particular embodiment,
persistent storage 210 includes a magnetic hard disk drive. To
name some possible variations, persistent storage 210 may
include a solid state hard drive, a semiconductor storage
device, read-only memory (ROM), erasable programmable
read-only memory (EPROM), flash memory, or any other
computer-readable storage media that is capable of storing
program instructions or digital information.

The media used by persistent storage 210 may also be
removable. For example, a removable hard drive may be used
for persistent storage 210. Other examples include optical and
magnetic disks, thumb drives, and smart cards that are
inserted into a drive for transfer onto another computer-read-
able storage medium that is also part of persistent storage 210.

Communications unit 202, in these examples, provides for
communications with other data processing systems or
devices external to sub-system 102, such as client sub-sys-
tems 104, 106, 108, 110, 112. In these examples, communi-
cations unit 202 includes one or more network interface
cards. Communications unit 202 may provide communica-
tions through the use of either or both physical and wireless
communications links. Any software modules discussed
herein may be downloaded to a persistent storage device
(such as persistent storage device 210) through a communi-
cations unit (such as communications unit 202).

1/O interface(s) 206 allows for input and output of data with
other devices that may be connected locally in data commu-
nication with server computer 200. For example, I/O interface
206 provides a connection to external device set 214. External
device set 214 will typically include devices such as a key-
board, keypad, a touch screen, and/or some other suitable
input device. External device set 214 can also include por-
table computer-readable storage media such as, for example,
thumb drives, portable optical or magnetic disks, and memory
cards. Software and data used to practice embodiments of the
present invention, for example, program 240, can be stored on
such portable computer-readable storage media. In these
embodiments the relevant software may (or may not) be
loaded, in whole or in part, onto persistent storage device 210
via I/O interface set 206. I/O interface set 206 also connects in
data communication with display device 212.

Display device 212 provides a mechanism to display data
to a user and may be, for example, a computer monitor or a
smart phone display screen.

The programs described herein are identified based upon
the application for which they are implemented in a specific
embodiment of the invention. However, it should be appreci-
ated that any particular program nomenclature herein is used
merely for convenience, and thus the invention should not be
limited to use solely in any specific application identified
and/or implied by such nomenclature.
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II. Operation of Embodiment(S) of the Present
Invention

Preliminary note: The flowchart and block diagrams in the
following Figures illustrate the architecture, functionality,
and operation of possible implementations of systems, meth-
ods and computer program products according to various
embodiments of the present invention. In this regard, each
block in the flowchart or block diagrams may represent a
module, segment, or portion of code, which comprises one or
more executable instructions for implementing the specified
logical function(s). It should also be noted that, in some
alternative implementations, the functions noted in the block
may occur out of the order noted in the figures. For example,
two blocks shown in succession may, in fact, be executed
substantially concurrently, or the blocks may sometimes be
executed in the reverse order, depending upon the function-
ality involved. It will also be noted that each block of the
block diagrams and/or flowchart illustration, and combina-
tions of blocks in the block diagrams and/or flowchart illus-
tration, can be implemented by special purpose hardware-
based systems that perform the specified functions or acts, or
combinations of special purpose hardware and computer
instructions.

FIG. 3 shows a flow chart 300 depicting a method accord-
ing to the present invention. FIG. 4 shows program 240 for
performing at least some of the method steps of flow chart
300. This method and associated software will now be dis-
cussed, over the course of the following paragraphs, with
extensive reference to FIG. 3 (for the method step blocks) and
FIG. 4 (for the software blocks).

Processing begins at step S305, where initial dump module
405 receives a memory dump. A memory dump (also known
as a core dump, or system dump) is the recorded state of the
working memory of a computer program at a specific time
(that is, all of the used main memory address space content)
including: (i) stacks of the threads of executing programs
including: (a) processor registers; (b) program counter; and
(c) stack pointer; (i1) memory management information; and
(iii) other processor and operating system flags and informa-
tion.

A memory dump is generally created by client computer
sub-system 104, 106, 108, 110, or 112 (see FIG. 1) when its
client computer crashes, or other malfunctions occur.
Memory dumps usually include stacks for multiple threads.
At the time of the initial dump of step S305, each thread has
a size equal to the memory originally allocated for the respec-
tive thread’s stack.

Processing proceeds to step S310, where non-current stack
portion module 410 processes any non-current stack portions
within the memory dump. “Non-current stack portions™ is
hereby defined as any portions of an allocated stack that are:
(1) unused portions; and/or (ii) portions that have been used
for any other purpose, by a thread, for storing any data other
than stackframe data. Stacks according to this embodiment of
the present invention are made up of current stackframes and
non-current stack portions, or unused space. Note that some
embodiments of the present invention operate on portions of
stacks, recognizing that all stack portions are not equally
useful to debugging and are not equally important to store as
memory dump data. At the time of memory allocation, the
thread starts entirely as unused space. During system opera-
tion, current stackframes are added to a thread’s stack, in the
order in which processes, corresponding to the stackframes,
occur. The unused space of the thread (especially the non-
current stack portions) is of little or no use when debugging a
system failure. Mod 410 performs one or more of the follow-
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ing actions: (i) identify any non-current stack portions in the
memory dump; and (ii) remove the non-current stack portions
from the memory dump.

Processing proceeds to step S315, where first determina-
tion module 415 determines whether the memory dump, as
reduced in size by removing non-current stack portions, is a
size below a threshold size.

The threshold size is a limit on the memory available to be
used in the memory dump. The threshold size may be deter-
mined based on various factors including: (i) available system
memory; and/or (ii) provision of memory to memory dumps.
Ifthe dump size is determined to be below the threshold size
at step S315, then processing proceeds to step S340, where
optimized dump module 440 stores the memory dump data
(without its non-current stack portions) as a file or part of a file
for debug analysis and/or other purposes.

If the dump size is above the threshold size, processing
proceeds to step S320, where prioritize module 420 ranks a
set of all components of all current stackframes of all stacks
that are included in the memory dump data. Alternatively,
current stackframes could be ranked on a stackframe-by-
stackframe basis, rather than on a stackframe-component-by
stackframe-component basis as in process 300. In this
embodiment, each stackframe has three components as fol-
lows: (i) header; (ii) local variable; and (iii) registers. Alter-
natively, stackframes may be defined to have different com-
ponents, or a different number of components. Process 300
ranks the components of all current stackframes of all current
stack portions in a single ranking. Alternatively, each current
stack portion could have a separate ranking of its stackframes
and/or stackframe components.

As an alternative process flow, step S320 could start after
step S305, excluding steps S310 and S315. As a further alter-
native process flow, the process could omit all steps except
S305, S310, and S340.

Module 420 ranks the stackframe components based on
three (3) factors as follows: (i) thread priority (determined by
thread priority sub-module 420A); (ii) stackframe priority
(determined by stackframe priority sub-module 420B); and
(iii) component priority (determined by component priority
sub-module 420C). Those of skill in the art understand that
some thread’s stacks are more important for debugging pur-
poses than other thread’s stacks. Accordingly, the thread pri-
ority factor correlates with how important a given thread’s
stack is likely to be for debugging purposes (and/or other
objectives that the system designer wants to help with, the
objectives being any objectives now known or to be devel-
oped in the future). Those of skill in the art understand that
some stackframes in a given thread are more important for
debugging purposes than other stackframes in that same
stack. Accordingly, the stackframe priority factor correlates
with how important a given stackframe is likely to be for
debugging purposes (and/or other objectives that the system
designer wants to help with, the objectives being any objec-
tives now known or to be developed in the future). Those of
skill in the art understand that some stackframe components
are more important for debugging purposes than other stack-
frame components. Accordingly, the thread priority factor
correlates with how important a given component is likely to
be for debugging purposes (and/or other objectives that the
system designer wants to help with, the objectives being any
objectives now known or to be developed in the future).
Specific examples ofall of these different types of factors will
be discussed, below, in the Further Comments and/or
Embodiments sub-section.

Final priority sub-module 420D mathematically combines
the three (3) factors to determine each component’s ranking
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value. One possible specific equation for combining the fac-
tors is discussed in further detail below. Alternatively, module
420 may rank the current stackframes with regard to only 1 or
2 of the three factors. For example, the current stackframe
ranking factors may only include: (i) thread priority. Alterna-
tively, module 420 may rank stackframe components with
regard to only: (1) stackframe priority; and (ii) thread priority.

Processing proceeds to step S325, where lowest priority
removal module 425 removes the lowest ranking stackframe
component of the memory dump. Alternatively, the lowest
ranking thread may be removed or the lowest ranking stack-
frame may be removed. Note that some embodiments of the
present invention operate on current stack portions, recogniz-
ing that all stack portions are not equally useful to debugging
and are not equally important to store as memory dump data.

Processing proceeds to step S330, where second determi-
nation module 430 determines whether the memory dump, as
reduced in size by removing the lowest ranking stackframe
component, is below the threshold size. If the memory dump
size is above the threshold size, processing returns to step
S325, where module 425 removes the lowest ranking remain-
ing stackframe component. Processing steps S325 and S330
form a process loop until second determination module 430
determines that the memory dump size is below the threshold
size.

Inthe illustrated embodiment, each time the loop returns to
step S325, module 425 removes the next lowest ranking
stackframe component. Alternatively, the lowest ranking
thread may be removed in a first iteration, then the lowest
ranking remaining stackframe components may be removed
in a second iteration, and so forth.

When the memory dump size is below the threshold size,
processing proceeds to step S335, where third determination
module 435 determines whether any previously removed cur-
rent stackframe components can be added to the dump with-
out causing the memory dump size to exceed the threshold
size. If at least one removed component can be re-added
without causing the memory dump size to exceed the thresh-
old size, processing proceeds to step S345, where re-add
module 445 re-adds the highest ranking current stackframe
component that can be re-added without exceeding the
threshold size. Processing steps S335 and S340 form a pro-
cess loop until third determination module 435 determines
that there are no more current stackframe components that
can be re-added to the memory dump without causing the
memory dump size to exceed the threshold size. Alterna-
tively, previously removed stackframes and/or threads may
be re-added according to priority so long as the memory dump
size remains below the threshold size.

When third determination module 435 determines that
there are no more stackframe components that can be re-
added at step S335, then processing proceeds to step S340,
where optimized dump module 440 stores the memory dump
data (being a size at or below the threshold size) as a file or
part of a file for debug analysis and/or other purposes.

II1. Further Comments and/or Embodiments

Some embodiments of the present invention recognize that
splitting memory dumps into regions and truncating the
dumps to include only the regions deemed as “important” can
potentially result in the loss of useful information. Some
embodiments of the present invention further recognize that
compressing the memory dump may not reduce the data size
of the dump sufficiently to resolve all dump size related
issues.
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Some embodiments of the present invention process
memory dumps including all of the used main memory
address space content, such as all stacks of the threads corre-
sponding to program execution.

Some embodiments of the present invention provide an
intelligent way to manage memory dumps based on analysis
of the content of a current dump.

Some embodiments of the present invention recognize that
alarge part of the memory dump is due to data from the stacks
and/or from memory allocation. The reason that data from
threads and/or memory allocation has become so large is
because the typical number of threads is increasing year after
year. Depending on the number of threads and the size of the
stack, a large amount of data is often generated by threads
and/or memory allocation. For example, a system having up
to 144 threads, with each thread using 3 MB (megabytes) of
stack, results in as much as 432 MB used in each memory
dump just for stacks. As the maximum number of threads
continues to increase this number will get even larger.

Some embodiments of the present invention reduce
memory required by the stacks to effectively reduce the over-
all memory dump file size.

Some embodiments of the present invention can be used to
reduce memory dumps, thereby resulting in easier dump
transfer (due to outage time and/or limited transfer capacity).

In support of the following discussion, FIG. 5 shows three
threads of a multi-thread memory dump including: active
system thread stack 505; crashing system thread stack 510;
non-system thread stack 515; four (4) current stackframes
(including first stackframe 520A, second stackframe 520B,
third stackframe 520C, and fourth stackframe 520D; local
variable portions 521; register portions 522; header portions
523; end of current stack portion 525; and non-current stack
portions 530. In this embodiment of the present invention, the
various current stackframes 520 are prioritized and selected
based on the prioritization to be: (i) included in the dump; or
(ii) not included in the dump. While the rules and/or criteria
for prioritization may vary from embodiment to embodiment,
some possible prioritization rules will be discussed below.

The prioritization of stackframes in this embodiment
implicitly recognizes that: (i) not all threads are equally
important; (ii) not all stackframes are equally relevant; and
(iii) not all contents of stackframes are equally important. In
this embodiment, the important stackframes get saved, and
the relatively unimportant stackframes do not get saved, with
this determination being made on a stackframe by stackframe
basis. For some systems, only 20% of the allocated stack size
is used for valid parts of the stack, or important stackframes.

Going beyond an exclusive focus on current stackframe
priority, some embodiments of the present invention provide
a lossy process including: (i) prioritize stacks, stackframes,
and stackframe parts (for example, local variable, registers,
and/or header); and (i) if dump file is too large, reduce dump
file by removing low priority parts. In some embodiments,
when excising data from the dump: (i) stack priority is con-
sidered more important than stackframe priority; and (ii)
stackframe priority is considered more important than stack-
frame portion priority.

Some embodiments of the present invention assign priority
to threads based on the following criteria: (i) sleeping threads
have lower priority (T2); (ii) non-system threads have the
lowest priority (T3); (v) system threads have the highest
priority (T1). In some embodiments of the present invention,
within a given thread, a later stackframe in a thread has a
higher priority than an earlier stackframe in the same thread
(for example, first stackframe 520A would be higher priority
than second stackframe 520B because the first stackframe
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was created earlier in time. In some embodiments of the
present invention, the local variable is a portion of a stack-
frame assigned a relatively low priority.
Some embodiments of the present invention use the fol-
lowing formula for prioritization:
P=Ip*Fp*Cp
0<=P<=1 (1 is highest priority)
where:
Tp is assigned as follows:
sleeping threads have lower priority (Tp=0.3)
non-system thread has lowest priority (Tp=0.1)
active system thread (Tp=0.6)
crashing system thread: Tp=1.0
Fp is calculated with the formula:
Fp=1.0-(Fp number/Fp count)

Cp is assigned as follows:
header: 1.0
registers: 0.6
local variable: 0.3

In some embodiments of the present invention, user-based
priorities include: (i) table with errorcode and priority table;
(i) Errorhandler (Programcheckhandler) does lookup in table
for errorcode entry; and/or (iii) if table entry is available for
errorcode, replace defaults with table entry.

Some embodiments of the present invention perform
thread dependency detection (TDD) in two stages: (i) detect
same global variables in use via debug information (including
locks, etc.); and (ii) without debug info, use reallocation
tables to find commonly used locks.

Some embodiments of the present invention apply TDD
information to determine prioritization of stackframes. The
following formulas prioritize dependency information:

P(T)=P*1.0 (if there is a dependency with the crash-
ing thread and/or other related threads), and

P(T)=P*0.8 (no dependency)

Some embodiments of the present invention, for faster
debug, include all information in the dump section, such as:
(1) removed stackframe parts; and (ii) detected dependency
queues.

Some embodiments of the present invention reduce dump
size to an extent that the size of the dump is less than the
maximum transfer size (herein called the threshold size). The
process of reducing dump size in that scenario includes: (i)
when the dump is greater than the threshold size, calculate
stackframe priority and remove the remaining stackframe
with the lowest priority (this is an iterative process that con-
tinues until removal of successive stack frames causes the
memory dump size to fall below the threshold size); and (ii)
iteratively reintroduce previously removed stack frames (for
example, in order of decreasing priority) so that the size of the
dump increases back up as close to the size threshold as
possible without exceeding it.

An embodiment of the present invention for making a
dump file is as follows: (i) create categories for stackframe
parts; (ii) create prioritization for each stackframe part; (iii)
with reference to prioritization, decide if stackframe part is to
be dumped; (iv) remove minimum priority parts until dump
file size is below a threshold amount; (v) add maximum
priority parts until dump file is the designated maximum size;
(vi) hide low priority frames during initial debug; and (vii)
reduce aging dumps.

IV. Definitions

Present invention: should not be taken as an absolute indi-
cation that the subject matter described by the term “present
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invention” is covered by either the claims as they are filed, or
by the claims that may eventually issue after patent prosecu-
tion; while the term “present invention™ is used to help the
reader to get a general feel for which disclosures herein that
are believed as maybe being new, this understanding, as indi-
cated by use of the term “present invention,” is tentative and
provisional and subject to change over the course of patent
prosecution as relevant information is developed and as the
claims are potentially amended.

Embodiment: see definition of “present invention”
above—similar cautions apply to the term “embodiment.”

and/or: non-exclusive or; for example, A and/or B means
that: (i) A is true and B is false; or (ii) A is false and B is true;
or (iii) A and B are both true.

User/subscriber: includes, but is not necessarily limited to,
the following: (i) a single individual human; (ii) an artificial
intelligence entity with sufficient intelligence to act as a user
or subscriber; and/or (iii) a group of related users or subscrib-
ers.

Electrically Connected: means either directly electrically
connected, or indirectly electrically connected, such that
intervening elements are present; in an indirect electrical
connection, the intervening elements may include inductors
and/or transformers.

Mechanically connected: Includes both direct mechanical
connections, and indirect mechanical connections made
through intermediate components; includes rigid mechanical
connections as well as mechanical connection that allows for
relative motion between the mechanically connected compo-
nents; includes, but is not limited to, welded connections,
solder connections, connections by fasteners (for example,
nails, bolts, screws, nuts, hook-and-loop fasteners, knots, riv-
ets, quick-release connections, latches and/or magnetic con-
nections), force fit connections, friction fit connections, con-
nections secured by engagement caused by gravitational
forces, pivoting or rotatable connections, and/or slidable
mechanical connections.

Data communication: any sort of data communication
scheme now known orto be developed in the future, including
wireless communication, wired communication and commu-
nication routes that have wireless and wired portions; data
communication is not necessarily limited to: (i) direct data
communication; (ii) indirect data communication; and/or (iii)
data communication where the format, packetization status,
medium, encryption status and/or protocol remains constant
over the entire course of the data communication.

Receive/provide/send/input/output:  unless otherwise
explicitly specified, these words should not be taken to imply:
(1) any particular degree of directness with respect to the
relationship between their objects and subjects; and/or (ii)
absence of intermediate components, actions and/or things
interposed between their objects and subjects.

Module/Sub-Module: any set of hardware, firmware and/
or software that operatively works to do some kind of func-
tion, without regard to whether the module is: (i) in a single
local proximity; (ii) distributed over a wide area; (ii) in a
single proximity within a larger piece of software code; (iii)
located within a single piece of software code; (iv) located in
asingle storage device, memory or medium; (v) mechanically
connected; (vi) electrically connected; and/or (vii) connected
in data communication.

Software storage device: any device (or set of devices)
capable of storing computer code in a non-transient manner in
one or more tangible storage medium(s); “software storage
device” does notinclude any device that stores computer code
only as a signal.
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Stack: a memory portion allocated for data from execution
of a thread including any current stack portion(s) and any
portion of the allocated memory portion that is not a current
stack portion.

Current stack portion: any portion of a stack that is cur-
rently being used; for example, in some embodiments, the
current stack portion is a single continuous portion that is
“above” an end of stack pointer.

Current stackframes: any stackframe in a current stack
portion.

Memory dump data: any set of data planned, designated
and/or written to a memory dump file; not all memory dump
data necessarily is written to the memory dump data file (for
example, data may be removed from the “memory dump
data” after it is planned for a memory dump data file, but
before the file gets written); memory dump data may include
data other than data from stacks, but many embodiments of
the present disclosure are focused on what happens with
memory dump data of stacks.

What is claimed is:

1. A computer program product comprising software
stored on a non-transitory software storage device, the soft-
ware comprising:

first program instructions programmed to receive a

memory dump data including a set of stack(s), including
at least a first stack which includes a current stack por-
tion;

second program instructions programmed to remove from

the memory dump data a first removed data portion that
comes from a portion of the first stack to yield an opti-
mized memory dump data;

third program instructions programmed to determine

respective ranking values for a plurality of ranked data
portions from the set of stacks;

fourth program instructions programmed to select a ranked

data portion from the current stack portion of the first
stack to be a first removed data portion based, at least in
part, upon the ranking values; and

fifth program instructions programmed to write the opti-

mized memory dump data to a file.

2. The computer program product of claim 1 wherein the
plurality of ranked data portions respectively correspond to
current stackframe components.

3. The computer program product of claim 2 wherein the
ranking values are based, at least in part, upon at least one of
the following priorities: (i) thread priority; (ii) stackframe
priority; and (iii) component priority.

4. The computer program product of claim 1 wherein the
optimized memory dump data has a memory dump size and
further comprising:

third program instructions programmed to compare a

threshold size with the memory dump size; and

fourth program instructions programmed to determine

whether the first removed data portion having a data
portion size may be added to the optimized memory
dump data without the memory dump size exceeding the
threshold size.

5. A computer system comprising:

a processor(s) set; and

a software storage device;

wherein:

the processor set is structured, located, connected and/or

programmed to run software stored on the software stor-
age device; and
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the software comprises:

first program instructions programmed to receive a
memory dump data including a set of stack(s), including
at least a first stack which includes a current stack por-
tion;

second program instructions programmed to remove from

the memory dump data a first removed data portion that
comes from a portion of the first stack to yield an opti-
mized memory dump data;

third program instructions programmed to determine

respective ranking values for a plurality of ranked data
portions from the set of stacks;

fourth program instructions programmed to select a ranked

data portion from the current stack portion of the first
stack to be a first removed data portion based, at least in
part, upon the ranking values; and

fifth program instructions programmed to write the opti-

mized memory dump data to a file.

6. The computer system of claim 5 wherein the plurality of
ranked data portions respectively correspond to current stack-
frame components.

7. The computer system of claim 6 wherein the ranking
values are based, at least in part, upon at least one of the
following priorities: (i) thread priority; (ii) stackframe prior-
ity; and (iii) component priority.

8. The computer system of claim 5 wherein the optimized
memory dump data has a memory dump size and further
comprising:

third program instructions programmed to compare a

threshold size with the memory dump size; and

fourth program instructions programmed to determine

whether the first removed data portion having a data
portion size may be added to the optimized memory
dump data without the memory dump size exceeding the
threshold size.

9. A computer system comprising:

a processor(s) set; and

a software storage device;

wherein:

the processor set is structured, located, connected and/or

programmed to run software stored on the software stor-
age device; and
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the software comprises:

first program instructions programmed to receive a
memory dump data including a set of stack(s), including
at least a first stack which includes a current stack por-
tion;

second program instructions programmed to remove from

the memory dump data a first removed data portion that
comes from a portion of the first stack to yield an opti-
mized memory dump data having a first memory dump
size;

third program instructions programmed to compare a

threshold size with the first memory dump size; and
fourth program instructions programmed to determine
whether the first removed data portion having a data
portion size may be added to the optimized memory
dump data such that the optimized memory dump data
has a second memory dump size without the second
memory dump size exceeding the threshold size.

10. The computer system of claim 9 wherein the first
removed data portion consists of data outside the current
stack portion of the first stack and further comprising:

fifth program instructions programmed to write the opti-

mized memory dump data to a file.

11. The computer system of claim 9 further comprising:

fifth program instructions programmed to determine

respective ranking values for a plurality of ranked data
portions from the set of stacks;

sixth program instructions programmed to select a ranked

data portion from the current stack portion of the first
stack to be a first removed data portion based, at least in
part, upon the ranking values; and

seventh program instructions programmed to write the

optimized memory dump data to a file.

12. The computer system of claim 11 wherein the plurality
of ranked data portions respectively correspond to current
stackframe components.

13. The computer system of claim 12 wherein the ranking
values are based, at least in part, upon at least one of the
following priorities: (i) thread priority; (ii) stackframe prior-
ity; and (iii) component priority.
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